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(57) Abstract 



An apparatus and method for use in per- 
forming ablation of organs and other tissues in- 
cludes a radio frequency generator which pro- 
vides a radio frequency signal to ablation elec- 
trodes. The power level of the radio frequency 
signal is determined based on the subject area 
of ablation. The radio frequency signal is 
coupled with the ablation electrodes through 
a transformation circuit. The transformation 
circuit includes a transformer having a double 
secondary windings that can be connected into 
or out of use depending upon the load condi- 
tion, creating this way a high impedance trans- 
formation circuit and a low impedance trans- 
formation circuit. The high or low impedance 
transformation circuit is selected based on the 
impedance of the ablation electrodes in con- 
tact with the subject tissue. Vacuum level, 
impedance level, resistance level, and time are 
measured during ablation. If these parameters 
exceed determinable limits the ablation proce- 
dure is terminated. 
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A RADIO -FREQUENCY GENERATOR FOR 
POWERING AN ABLATION DEVICE 

Priority 

This application claims the benefit of U.S. 
Provisional Application 60/084,712, filed May 8, 
1998, which is incorporated herein by reference. 

Field of the Invention 

The present invention relates generally to the 
ablation of tissue and more specifically to an 
apparatus and method for providing radio- frequency 
power to an ablation device. 

Backgr ound of the Invention 

Ablation of the interior lining of a body organ 
is a procedure which involves heating the organ 
lining to temperatures which destroy the cells of the 
lining or coagulate tissue proteins for hemostasis* 
Such a procedure may be performed as a treatment to 
one of many conditions, such as chronic bleeding of 
the endometrial layer of the uterus or abnormalities 
of the mucosal layer of the gallbladder. Existing 
methods for effecting ablation include circulation 
of heated fluid inside the organ (either directly or 
inside a balloon) , laser treatment of the organ 
lining, and resistive heating using application of 
radio -frequency (RF) energy to the tissue to be 
ablated. 

Techniques using RF energy provide an RF 
electrical signal to one or more electrodes in 
contact with the subject organ tissue. Electrical 
current flows from the electrodes and into the organ 
tissue. The current flow resistively heats the 
surrounding tissue. Eventually, the heating process 
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destroys the cells surrounding the electrodes and 
thereby effectuates ablation. 

Before the start of power delivery, blood and 
saline solution may surround the electrodes. As the 
cells surrounding the electrodes are destroyed, 
additional blood and saline solution will surround 
the electrodes. These conductive liquids act to 
decrease the electrode impedance. These liquids may 
be suctioned away during the ablation process. 
Absent these conductive liquids, the electrode 
impedance will increase with the destruction of the 
surrounding cells. Depending upon the specific 
electrode configuration, the impedance 
characteristics may change from as little as a 
fraction of an ohm to well over 200 ohms during the 
course of an ablation procedure. 

The RF ablation technique must be performed 
using great care to prevent over -ablation. 
Monitoring of tissue surface temperature is normally 
carried out during these ablation procedures to 
ensure the temperature does not exceed 100° C. If 
the temperature exceeds 100° C, the fluid within the 
tissue begins to boil and to thereby produce steam. 
Because ablation is carried out within a closed 
cavity within the body, the steam cannot escape and 
may instead force itself deeply into the tissue, or 
it may pass into areas adjacent to the area intended 
to be ablated, causing embolism or unintended burning 
of adjacent tissues. 

An RF ablation device must accurately determine 
the appropriate level of power. This power level 
must provide sufficient heating to effectuate 
ablation. At the same time, the power level must be 
controlled to prevent over- ablation. Moreover, an RF 
generator must be controlled to respond dynamically 
to changes in the impedance of the subject tissue. 
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Existing RF ablation devices generally apply 
power to electrodes having a relatively small surface 
area (e.g. forcept electrodes) . Such electrodes 
ablate a relatively small surface area at a 
relatively high impedance. Accordingly, the required 
RF power is relatively low and simple to deliver 
(typically 80 Watts at approximately 100 Ohms) . 
During an ablation procedure, the impedance 
characteristics of such electrodes may change. 
However, many generators are suitable for providing 
the relatively low power level over a range of high 
impedances . 

To ablate a large tissue area with electrodes 
having a relatively small surface area, an operator 
must move electrodes about the tissue surface. This 
introduces a measure of imprecision. An electrode 
matched to the surface area of the subject tissue 
reduces this imprecision. However, matching the 
electrode area to the subject tissue area 
significantly increases the surface area of the 
electrode. Accordingly, the electrode requires 
significantly greater power levels to effect 
ablation. Moreover, relatively large surface areas 
are characterized by a relatively low initial 
impedance, which increases significantly during the 
course of an ablation. 

It is therefore desirable to provide a power 
level sufficient to effectuate ablation on a 
relatively large surface area electrode. The power 
level, however, must not result in over-ablation. It 
is also desirable to dynamically control the RF 
generator to respond to impedance changes within the 
subject organ tissue. It is further desirable to 
provide an ablation method and device which allows 
the depth of ablation to be controlled reliably and 
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which automatically discontinues ablation once the 
desired ablation depth has been reached. 

Summary Of The Invention 

An apparatus and method for use in performing 
ablation of organs and other tissues includes an RF 
generator configured to provide an RF signal to 
ablation electrodes. The power level of the RF 
signal is determined based on the subject area and 
depth of the volumetric ablation. The RF signal is 
coupled with the ablation electrode through a 
transformation circuit. The transformation circuit 
includes a low impedance and a high impedance 
transformation circuit. The low impedance and high 
impedance transformation circuits are selected based 
on the impedance of the ablation electrode in contact 
with the subject tissue. Vacuum level, impedance 
level, resistance level, and time are measured during 
ablation. If these parameters exceed determinable 
limits the ablation procedure is terminated. 

Brief Description Of The Drawings 

Fig. 1A is a side elevation view of an RF 
generator according to the invention and an ablation 
device suitable for use with the RF generator. 

Fig. IB is a top view of the distal end of the 
ablation device of Fig. 1A, shown with an applicator 
head in an extended position. 

Fig. 1C is a perspective view of the applicator 
head in the extended position of Fig. IB. 

Fig. ic is a front elevational view of the 
applicator head in the extended position of Fig. IB. 

Fig. 2 is a circuit block diagram of the RF 
generator of Fig. i. 
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Fig. 3 is a circuit block diagram of the 
controller of Fig. 2, including additional circuit 
elements connected with the controller. 

Fig. 4 is a circuit block diagram of the auto- 
switch circuit of Fig. 2, including additional 
circuit elements connected with the auto-switch 
circuit . 

Fig. 5 is a circuit block diagram of the display 
board of Fig. 2, including additional circuit 
elements connected with the display board. 

Fig. 6 is a circuit diagram of one preferred 
embodiment of the transformer circuit of Fig. 5 
connected with a regulator and a filter network. 

Fig. 7 is a circuit diagram of another 
embodiment of the transformer circuit of Fig. 5. 

Fig. 8 is a flow chart showing the operation of 
an RF generator according to the invention. 

Fig. 9 is a flow chart showing the operation of 
an the auto- switch circuit according to the 
invention. 

Detailed Description 

Referring to Figs. 1A and IB, an intrauterine 
ablation device 100 suitable for use with an RF 
generator 116 according to the present invention is 
comprised generally of three major components: an RF 
aipplicator head 103, a sheath 105, and a handle 106. 
The applicator head 103 is slidably disposed within 
the sheath 105 (Fig. 1A) during insertion of the 
device into the uterine cavity, and the handle 106 is 
subsequently manipulated as indicated by arrow Al to 
cause the applicator head 103 to extend from the 
distal end of the sheath 105 (Fig. IB) . 

Referring to Fig. IB, applicator head 103 
extends from the distal end of a length of tubing 108 
which is slidably disposed within the sheath 105. 
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Applicator 103 includes an external electrode array 
103a and an internal deflecting mechanism 103b used 
to expand the array for positioning into contact with 
the tissue. 

The RF electrode array 103a is formed of a 
stretchable metallized fabric mesh which is 
preferably knitted from a nylon and spandex knit 
plated with gold or other conductive material. 
Insulating regions 140 (Figs. 1C, ID) are formed on 
the applicator head to divide the mesh into electrode 
regions. The insulated regions 14 0 are preferably 
formed using etching techniques to remove the 
conductive metal from the mesh, although alternate 
methods may also be used, such as by knitting 
conductive and non- conductive materials together to 
form the array. 

The array may be divided by the insulated 
regions 140 into a variety of electrode 
configurations. In a preferred configuration (Fig. 
1C) the insulating regions 140 divide the applicator 
head into four electrodes 142a - 142d by creating two 
electrodes on each of the broad faces 134. To create 
this four- electrode pattern, insulating regions 140 
are placed longitudinally along each of the broad 
faces 134 as well as along the length of each of the 
faces 136, 138. The electrodes 142a-142d are used 
for ablation and, if desired, to measure tissue 
impedance during use. 

Deflecting mechanism 103b and its deployment 
structure is enclosed within electrode array 103a. 
Referring to Fig. IB, external hypotube 109 extends 
from tubing 108 and an internal hypotube 110 is 
slidably and co-axially disposed within hypotube 109 «. 
Flexures 112 extend from the tubing 108 on opposite 
sides of hypotube 109. A plurality of longitudinally 
spaced apertures (not shown) may be formed in each 
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flexure 112. During use, these apertures allow 
moisture to pass through the flexures and to be drawn 
into exposed distal end of hypotube 109 using a 
vacuum source 140 fluidly coupled to hypotube 109 at 
vacuum port 13 8. 

Internal flexures 116 extend laterally and 
longitudinally from the exterior surface of hypotube 
110 and are each connected to a corresponding one of 
the flexures 112. A transverse ribbon 118 extends 
between the distal portions of the internal flexures 
116. Transverse ribbon 118 is preferably pre-shaped 
such that when in the relaxed condition the ribbon 
assumes the corrugated configuration shown in Fig. IB 
and such that when in a compressed condition it is 
folded along the plurality of creases 12 0 that extend 
along its length. 

The deflecting mechanism 103b formed by the 
flexures 112, 116, and ribbon 118 shapes the array 
103a into the substantially triangular shape shown in 
Fig. IB, which is particularly adaptable to most 
uterine shapes. During use, distal and proximal 
grips 144, 146 forming handle 106 are squeezed 
towards one another to deploy the array. This action 
results in relative rearward motion of the hypotube 
109 and relative forward motion of the hypotube 110. 
The relative motion between the hypotubes causes 
deflection in flexures 112, 116 which deploys and 
tensions the electrode array 103a. 

Flexures 112, 116 and ribbon are preferably made 
from an insulated spring material such as heat 
treated 17-7 PH stainless steel. Each flexure 112 
preferably includes conductive regions that are 
electrically coupled to the array for delivery of RF 
energy to the body tissue. Strands of thread 145 
(which may be nylon) are preferably sewn through the 
array 103 and around the flexures 112 in order to 
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prevent the conductive regions 132 from slipping out 
of alignment with the electrodes 142a - 142d. 

As will be discussed in detail below, the RF 
generator system according to the present invention 
5 utilizes an ablation power that is selected based on 

the surface area of the target ablation tissue. For 
uterine ablation, the RF power is calculated using 
the measured length and width of the uterus. These 
measurements may be made using conventional 

10 intrauterine measurement devices. 

Alternatively, the ablation device 100 itself 
may be used to measure the uterine width by 
transducing the separation of flexures using a 
mechanical or electrical transducing means. 

15 Referring again to Fig. IB, the ablation device 100 

includes non- conductive (e.g. nylon) suturing threads 
122 that extend between the hypotube 110 and the 
distal portion of the deflecting mechanism (Fig. IB) . 
Threads 122 are connected to an elongate wire (not 

20 shown) which extends through the tubing and is 

coupled to a mechanical transducer such as a 
rotatable bobbin (not shown) or an electrical 
transducer such as a strain gauge electrically 
coupled to an A/D converter to electrically transduce 

25 the separation distance of the flexures 112 and to 

electronically transmit the uterine width to a visual 
display and/or directly to the RF generator. 

Turning to Fig. 2, one preferred embodiment of 
an RF generator circuit is described. The circuit 

30 includes a power supply 200. The power supply 200 

accepts an AC signal and generates a 36 volt DC 
signal at up to 10 amps. The power supply 200 
connects to converters 202, 204, 206 , and 208. The 
converters 202, 204, 206, and 2 08 generate +5, +12, - 

35 12, and +24 volt electric potentials, respectively. 

As needed, the converters 202, 204, 206, and 208 
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provide the electric potentials to various circuit 
components hereinafter described, 

A display board 212 generally provides a user 
interface. This interface allows a user to input 
selection data and provides feedback information. 
The display board 212 provides a digital signal 
indicating a desired power setting to digital-to- 
analog (D/A) converter 214. The D/A converter 214 
converts the incoming digital signal into a voltage 
potential. This voltage potential (PSET) , 
representing the desired power setting, is provided 
to an error amplifier 216. The error amplifier 216 
also receives a voltage potential representing the 
actual power (PACT) currently delivered to an 
ablation device. The error amplifier compares the 
set power signal to the actual power signal to 
determine whether output power should be increased or 
decreased. If the set power signal is greater than 
the actual power signal, the error amplifier 216 
provides a positive signal to the regulator 210. In 
response, the regulator 210 increases the output 
power. If the set power signal is less than the 
actual power signal, the error amplifier 216 provides 
a negative signal to the regulator 210. In response, 
the regulator 210 decreases the output power. 

The regulator 210 receives DC power from the 
power supply 200 and provides a RF signal to FET 
switch 211. The signal from the error amplifier 216 
controls the pulse width modulation of the regulator 
210. Pulse width increases effect an increase in 
power; pulse width decreases effect a decrease in 
power . 

The FET switch 211 receives the RF signal from 
the regulator 210. The FET switch also receives a 
control signal from the controller 218. When 
energized, the control signal turns on the FET switch 
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211 so that the RF signal is provided to auto-switch 
circuit 230. When de-energized, the control signal 
turns off the FET switch 211 so that any signal 
provided by the regulator 210 is disconnected from 
5 the auto-switch circuit 230. 

The auto- switch circuit 230 also receives 
control signals from the controller 218, and an 
impedance signal from the divider 222. Based on the 
control and impedance signals, the auto-switch 

10 circuit 23 0 selects between a low impedance and a 

high impedance transformation circuits 440 (Fig. 4) . 
The output of the selected transformer circuit is 
provided to the filter network 232 . The filter 
network 232 acts as a bandpass filter having a 

15 preferred center frequency of approximately 482 KHz. 

The filter network 232 reduces any higher-order 
harmonic signals on the RF signal. In addition, the 
filter network 232 decouples any DC components from 
the regulator 210. 

20 Current detector 234 measures the current 

provided through the filter network 232. Similarly, 
the voltage detector 236 measures the voltage 
provided across the output of the filter network 23 2. 
These measured signals are provided to the divider 

25 222 through RMS convertors 221 and 222. The measured 

signals are also provided to the multiplier 220. The 
divider 222 divides the voltage signal by the current 
signal to produce a signal representing the effective 
impedance of an ablation device. The multiplier 220 

3 0 multiplies the voltage signal by the current signal 

to produce a signal representing the actual power 
provided to an ablation device. As described above, 
the actual power signal is used by the error 
amplifier 216 to control the regulator 210 . The 

35 effective impedance signal is used by the auto-switch 
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circuit 23 0 to select between the low impedance and 
high impedance transformation circuit. 

The actual power signal (PACT) from multiplier 
220 and the effective impedance signal from divider 
222 are both provided to the controller 218. The 
controller 218 also connects to the set power signal 
input of the error amplifier 116. The controller 218 
is configured to measure the power set signal and to 
generate a set power signal. During an ablation 
procedure, if the controller 218 detects a terminal 
fault condition, the controller 218 drives the set 
power signal to zero and de-energizes the FET switch 
211. Driving the set power signal to zero causes the 
regulator 210 to turn off the RF signal. 

The RF generator also includes a DC resistance 
detector 238 connected across output relays 240. The 
DC resistance detector 23 8 measures the DC resistance 
of an external ablation device. The DC resistance 
detector 238 provides a signal related to this 
resistance to the controller 218. The controller 
uses this signal to detect a short circuit in an 
attached ablation device. 

The output relays 240 receive the filtered RF 
signal from the filter network 232. The output 
relays 240 are configured to provide this signal to 
the output terminals 242 in response to a control 
signal from the controller 218. When energized, the 
output relays 240 connect the RF generator circuit to 
an ablation device through output terminals 242. 
When de-energized, the output relays 240 isolate the 
RF generator circuit from an ablation device. 

Turning to Fig. 3, a preferred embodiment of the 
controller 218 and additional related components are 
described. A fault and steering control block 3 02 of 
the controller 218 provides control signals to the 
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display board 212, the FET switch 211, the auto- 
switch circuit 230, and the output relays 240. 

The controller 218 provides the impedance signal 
from divider 222 (Fig. 2) to both an audio circuit 
310 and a data I/O translator 306. The audio circuit 
310 produces a frequency signal related to the 
impedance signal . Low impedances are transduced into 
higher frequency signals; high impedances are 
transduced into a lower frequency signals. The 
frequency signal lies within the range of audible 
frequencies and is used to drive a speaker 312. 
During the process of ablation, the measured 
impedance will increase. Accordingly, the frequency 
of the sound signal produced by the speaker 312 will 
decrease. This provides audible feedback of the 
ablation process to an operator. The audio circuit 
310 may also be configured to provide signals that 
increase in frequency with increased impedance. 

The controller 218 also provides the actual and 
set power signals and the vacuum signal to the data 
I/O translator 306. The data I/O translator converts 
these signals and the impedance signal into a related 
digital signal, which is provided over an RS232 
connection 308. 

Vacuum pump AC switch 314 is controlled by the 
controller 218. When activated, the pump AC switch 
connects AC power to a vacuum pump 316, which draws 
moisture from the ablation device and surrounding 
tissue. When deactivated, pump AC switch disconnects 
AC power from the vacuum pump 316. The vacuum pump 
316 also includes a pressure transducer 318. The 
pressure transducer 318 is configured to measure the 
pressure induced within an ablation device. The 
pressure transducer 318 provides a signal 
representing this pressure to the controller 218, 
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which monitors whether suction applied by the vacuum 
pump 316 is within determined limits. 

Turning to Fig. 4, a preferred embodiment of the 
auto-switch circuit 230 is shown. The auto-switch 
5 circuit includes a control sequence PAL 400. The PAL 

400 receives timer, impedance, and ready signals from 
controller 218. When activated, the timer signal 
indicates that the duration of the ablation has 
exceeded 120 seconds; the impedance signal indicates 

10 that the impedance of the ablation device exceeds 50 

ohms; and the ready signal indicates that an operator 
has engaged an RF enable switch. 

The impedance signal from the divider 222 (Fig. 
2) is also provided to a comparator 420 via 

15 controller 218. If the impedance is greater than 10 

ohms, the comparator 420 activates a signal to delay 
430. If the impedance is less than 6 ohms, the 
comparator 420 activates a signal to delay 432. The 
delays 43 0 and 432 also receive a clock signal from 

20 controller 218. If either of the delays 430 or 432 

continue to receive a signal from the comparators for 
more than five seconds, the respective delay 
activates a signal to the PAL 400. When the impedance 
is greater than 10 ohms for longer than five seconds, 

25 the PAL 4 00 provides a switch taps (SWTAPS) signal to 

the transformer circuit 440 selecting a high 
impedance transformation circuit . When the impedance 
is less than 6 ohms for longer than 5 seconds, the 
PAL selects a low impedance transformation circuit. 

3 0 The controller 218 also provides an RF power on 

(RFON) signal to delay 434 and timer 436. If this 
signal remains active for greater than five seconds, 
delay 434 activates a power on self test (POST) 
signal to PAL 400. In addition to the RFON signal, 

35 timer 436 also receives a clear timer (CLRTMS) signal 

from the PAL 400. The CLRTMS signal is activated 
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upon a change of state in the SWTAPS signal and 
indicates that the transformer circuit has changed to 
match the impedance of the ablation device. Upon 
receiving either the RFON or the SWTAPS signal, the 
timer 436 resets a short and a long timer. After 
expiration of the short timer, the timer 436 
activates the short timer signal, which is provided 
to the PAL 400. After expiration of the long timer, 
the timer 436 activates the long timer, which is also 
provided to PAL 400. These signals are used by the 
PAL 400 to generate condition signals. The condition 
signals are used in conjunction with fault signals to 
determine whether to terminate an ablation procedure. 

The transformation circuit 440 is connected 
between the FET switch 211 and the output filter 
network 232 (Fig. 2) . The transformation circuit 440 
operates to match the impedance of the regulator 210 
to that of an ablation device. Again, the impedance 
of an ablation electrode in contact with the subject 
tissue may change significantly during the course of 
an ablation. By matching the impedance of regulator 
210 to that of the electrode, the regulator 210 is 
able to deliver a relatively constant power level . 
This in turn allows accurate and uniform ablation. 

Alternatively, if the impedance of a regulator 
were matched to a low electrode impedance then the 
regulator's power delivery will decline as the 
electrode impedance increases. If the impedance of 
the regulator were instead matched to a high 
electrode impedance then at a low initial electrode 
impedance the regulator will bear a high current 
load. This load may cause damage or heating to 
regulator components. 

Accordingly, the transformation circuit 440 
include a low impedance transformation circuit and a 
high impedance transformation circuit . A preferred 
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low impedance transformation circuit matches the 
impedance of the regulator 210 to a three ohm load, 
A preferred high impedance transformation circuit 
matches the impedance of the regulator 210 to a 
twenty- five ohm load. These transformation circuits 
allow a regulator to provide relatively constant 
power delivery. 

Again, the PAL 400 provides condition signals to 
the controller 218. Specifically, the PAL 400 
generates a GENFAULT, an IGVAC, an ILPF and a PTEST 
signal. The GENFAULT signal indicates that the PAL 
has detected a fault condition and that the ablation 
should be terminated. The IGVAC signal indicates 
that the vacuum circuit has just been energized. 
Accordingly, any vacuum faults should be ignored for 
2 seconds while the vacuum pump establishes the 
appropriate pressure. The IPLF signal indicates that 
any low priority faults should be ignored. The IPLF 
signal is activated during start up so that non- 
critical transient faults do not terminate the 
ablation procedure. The PTEST indicates that a low- 
level RF signal is currently being applied to the 
transformation circuit. The low-level RF signal is 
used to measure RF impedance before applying full 
power . 

Turning to Fig. 5, the display board 212 of Fig. 
2 and additional related components are described. 
The display board 212 connects to length and width 
selection switches 502. After determining the length 
and width of a subject uterine cavity, an operator 
enters the appropriate settings using switches 502, 
The length and width selections are shown on displays 
508 and 510, respectively. To increase the width, an 
operator engages the up arrow switch 550. To 
decreases the width, an operator engages the down 
arrow switch 552. To increase the length, an 
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operator engages the up arrow switch 560. To 
decrease the length, an operator engages the down 
arrow switch 562. A signal indicating the length and 
width are provided to the EPROM 516. The EPROM 516 
converts the length and width to a set power level 
according to the following relationship: 

P = L x W x 5.5 

Where P is the power level in Watts, L is the length 
in centimeters, W is the width in centimeters, and 
5.5 is a constant having units of Watts per square 
centimeter. 

The display board 212 also provides a signal to 
a set power display 506. This signal is determined 
based on the length and width selections so that the 
set power display 5 06 shows the current power 
setting. 

After an operator selects an appropriate length 
and width setting, he or she engages the ready switch 
504. The ready switch 504 provides a signal to the 
display board 212, which is in turn provided to the 
controller 218. The ready switch 504 indicates that 
the operator is ready to begin an ablation procedure. 

After an operator engages the ready switch 504, 
the operator may then depress foot pedal 512. The 
foot pedal 512 connects to foot switch 514 to provide 
a signal to the display board 212, which is also 
provided to the controller 218. This signal 
indicates that the RF generator should apply RF power 
to an ablation device. 

The display board 212 also connects to status 
LED' s including a READY 320, RF OFF 322, HIGH Z 324, 
LOW Z 326, HIGH VAC 328, LOW VAC 340, and RF ON 342. 
The display board 212 controls these LED' s based on 
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signals received from the controller 218 and from the 
user inputs. 

The READY LED 520 indicates that the RF 
generator is in a ready condition, and that 
activation of the foot switch 514 would activate RF 
power. The RF OFF LED 522 indicates that a DC short 
condition exists with the ablation device currently 
connected to the RF generator and that the RF 
generator is not currently providing power to an 
ablation device. The HIGH Z LED 524 indicates that 
the impedance exceeds a determined level. When this 
condition occurs, the controller automatically 
terminates ablation. The LOW Z LED 52 6 indicates 
that the impedance falls below a determined level. 
When this condition occurs, an RF short condition 
exists. The HIGH VAC LED 528 indicates that the 
vacuum pump 14 0 is currently exceeding determined 
acceptable vacuum levels. For example, this 
condition may be generated by an operator standing on 
the suction tubes connecting the vacuum pump 140 to 
port 138. The LOW VAC LED 540 indicates that the 
vacuum pump 14 0 is currently below an acceptable 
vacuum level. For example, this condition may be 
generated if the vacuum pump 14 0 were not properly 
attached to port 138. The RF ON LED 542 indicates 
that the RF generator is currently providing power to 
an ablation device. 

Turning to Fig. 6, a preferred embodiment of a 
regulator 210, FET switch 211, transformation circuit 
44 0, and output filter network 230 are shown. The 
transformation circuit 440 includes a transformer 605 
having a power winding 610 and a load winding 620. 
The power winding 610 connects to FET switch 211 for 
receiving RF power from the regulator 210- The load 
winding 620 is electromagnet ically coupled with power 
winding 610. Accordingly, electric power provided to 
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the power winding 610 is transferred to the load 
winding 620. 

The load winding 620 includes a center tap 626 
which divides the load winding into a first portion 
622 and a second portion 624. Switch 630 selects 
between the center tap 626 and an exterior tap 627. 
Selection of the center tap 626 provides a circuit 
matched to a lower impedance. Selection of the 
exterior tap 627 provides a circuit matched to a 
higher impedance. Alternatively stated, the switch 
630 selects the transformation ratio between the 
power winding 610 and the output terminals 642. The 
output terminals 642 connect to an output filter 
network 232 having the above described bandpass 
characteristics . 

Turning to Fig. 7, an alternative embodiment of 
a transformation circuit is shown. The 
transformation circuit 74 0 includes a first 
transformer 705 having a power winding 710 and a load 
winding 720. The transformer switch circuit also 
includes a second transformer 706 having a power 
winding 712 and a load winding 722. The 
transformation ratio of the first transformer 705 is 
matched to a low impedance. The transformation ratio 
of the second transformer 706 is matched to a high 
impedance . 

Switch 73 0 is connected to select between the 
first transformer 705 and the second transformer 706. 
As shown, the switch 73 0 selects the first 
transformer 705 to electrically couple input 
terminals 740 to output terminals 742. The switch 
may also select the second transformer 706 to 
electrically couple input terminals 740 to output 
terminals 742 . 

Turning to Fig. 8, a flow chart showing the 
preferred operation of an RF generator used to power 
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an ablation device is illustrated. At block 810, an 
operator selects a length and width related to the 
size of the subject uterus and activates a ready 
switch. 

At block 812, the RF generator measures DC 
resistance through the ablation device. A measured 
resistance below 200 ohms indicates a short circuit. 
If a short circuit is detected, the RF generator will 
provide an indication to the operator and terminate 
the procedure. A measured resistance greater than 
200 ohms indicates acceptable contact of the ablation 
device with the subject uterus. At block 811 , the 
operator may then activate a foot -switch to apply 
power to an RF regulator. 

At block 814, the RF generator applies power to 
a vacuum pump. After a few seconds, the pressure 
within the subject uterus will drop. 

At block 816, the RF generator applies a low- 
level RF signal (e.g. between 5 and 10 Watts) to the 
ablation device. At block 820, the RF generator 
tests for faults which indicate that the procedure 
should be terminated. Specifically, the RF generator 
continues to test the DC resistance. The RF 
generator also tests whether the RF impedance falls 
within acceptable limits (e.g. 0.5 - 50 ohms), and 
whether the vacuum level falls within acceptable 
limits. During the first few seconds (e.g. 2 
seconds) these faults may be ignored, as the 
transient characteristics may exceed fault 
tolerances . 

If the RF generator does not detect any faults, 
it proceeds to block 822. Here, the RF generator 
applies full power to the ablation device. At the 
beginning of the ablation procedure, the power level 
may be gradually increased to the full power setting. 

At block 823, the RF generator tests whether the 
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impedance of the subject uterus has exceeded fifty 
ohms or if the duration of the ablation has exceeded 
120 seconds. If ether of these events occur, the 
ablation is complete and the procedure is terminated 
at block 824. Otherwise, the RF generator continues 
to test for faults at block 820. Upon detection of a 
fault the procedure is similarly terminated and power 
to the ablation device is disabled. 

The process of applying power as shown at block 
822 will now be discussed in greater detail . Turning 
to Fig. 9, a flow chart showing the preferred 
operation of the application of power through a 
transformation circuit is illustrated. The 
transformation circuit is used to couple power 
supplied by the RF generator to an ablation device. 
As described above, a preferred transformation 
circuit includes a low impedance transformation 
circuit and a high impedance transformation circuit. 
The operation of the transformation circuit begins at 
block 910, where the low impedance transformation 
circuit is selected. At block 911, a low level RF 
signal is applied to the transformation circuit. 

At block 912, the impedance of an ablation 
device is measured. If the impedance has not 
exceeded 10 ohms for 5 seconds the process returns to 
block 911. Here, the pulse width of the RF signal 
will increase until it reaches the selected power 
level. Upon reaching the selected level, the pulse 
width is controlled according to changes in the 
electrode impedance to maintain a constant power 
level . 

The process again returns to block 912 where the 
impedance of the ablation device is again measured. 
In the preferred embodiment, if the impedance exceeds 
10 ohms for 5 seconds, the process proceeds to block 
913. Here, the pulse width of the RF signal must be 
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decreased so that the transformation circuit may- 
switch from the low impedance transformation circuit 
to the high impedance transformation circuit . 

At block 914, after reducing the RF signal to a 
5 low level, the switch changes states to select the 

high impedance transformation circuit. At block 915, 
power is then ramped back up to the selected level . 
This reduction in power and gradual increase reduces 
transient spikes which might result from the 
10 switching between the low impedance transformation 

circuit and the high impedance transformation 
circuit . 

At block 916, the impedance of the ablation 
device is measured. If the impedance has not dropped 

15 below 6 ohms for 5 seconds, the process returns to 

block 915. Here, the pulse width is controlled to 
deliver the selected power level. 

The process again returns to block 916 where the 
impedance of the ablation device is again measured. 

20 In the preferred embodiment, if the impedance drops 

below 6 ohms for 5 seconds, the process proceeds to 
block 917. Here, the pulse width of the RF signal 
must be decreased so that the transformation circuit 
may switch from the high impedance transformation 

25 circuit to the low impedance transformation circuit 

at block 910. 

The operation of the transformation circuit 
continues in this manner until the ablation is 
terminated. At termination, the power is turned off 

30 and the RF generator is disconnected from the 

ablation device. 

Although the forgoing description is with 
reference to the ablation of a uterus, the present 
invention is applicable to the ablation of other body 

35 tissues. In addition, although the RF generator is 

described with reference to a particular circuit many 
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other configurations are suitable for implementing 
the teachings of the invention. Those having 
ordinary skill in the art will certainly understand 
from the embodiments disclosed herein that many 
modifications are possible without departing from the 
teachings hereof. All such modifications are 
intended to be encompassed within the following 
claims . 
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We claim: 

1. A method of ablating tissue comprising the steps 
of: 

positioning an RF ablation device into contact 
with tissue to be ablated; 

automatically selecting an RF power based on the 
geometry of the tissue; and 

providing an RF signal at the selected RF power 
to the RF ablation device. 

2. The method of claim 1 wherein the step of 
automatically selecting includes selecting the RF 
power in proportion to the length and width of the 
tissue to be ablated. 

3 . The method of claim 1 wherein the step of 
providing an RF signal further includes selecting 
between a low- impedance transformation circuit and a 
high- impedance transformation circuit. 

4. The method of claim 1, further comprising the 
steps of: 

measuring a DC resistance of the RF ablation 
device; and 

measuring an RF impedance of the tissue in 
contact with the RF ablation device. 

5. The method of claim 4, further comprising the 
step of generating an audio signal based upon the RF 
impedance of the tissue in contact with the RF 
ablation device. 

6. The method of claim 4, wherein the step of 
measuring the RF impedance includes providing a low- 
power RF signal to the ablation device. 
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7 . The method of claim 4 further comprising the 
step of maintaining the power of the RF signal 
substantially constant based upon the measured RF 
impedance of the tissue in contact with the ablation 
device . 

8. The method of claim 4/ further comprising the 
step of generating a fault if either of the DC 
resistance of the RF ablation device or the RF 
impedance of the tissue in contact with the RF 
ablation device falls outside a predetermined range, 

9. The method of claim 1, further comprising the 
steps of : 

applying vacuum pressure to the RF ablation 
device ; 

measuring the vacuum pressure applied to the RF 
ablation device; and 

generating a fault if the vacuum pressure falls 
outside a predetermined range . 

10. The method of claim 1, further comprising the 
steps of : 

measuring a duration of ablation; and 
terminating ablation if the measured duration 
exceeds a predetermined limit . 

11. The method of claim 1, wherein the step of 
positioning the RF ablation device includes 
positioning the ablation device into contact with a 
uterus . 

12 . A method of operating an RF generator suitable 
for providing power to an ablation device comprising 
the steps of: 
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measuring an impedance of a tissue in contact 
with the ablation device; and 

selecting between a low impedance transformation 
circuit and a high impedance transformation circuit 
5 based on the impedance of the tissue in contact with 

the ablation device. 

13. The method of claim 12, wherein the step of 
measuring the impedance of the tissue in contact with 

10 the ablation device includes providing a low-power RF 

signal to the ablation device. 

14. The method of claim 12, wherein the step of 
selecting includes selecting the transformation 

15 circuit having an impedance closest to the measured 

impedance of the tissue in contact with the ablation 
device . 

15. A radio -frequency generator suitable for 
20 energizing an ablation device comprising: 

a first winding having a first impedance and 
configured to electrically couple with an 
electromagnetic ablation device; 

a second winding having a second impedance 
25 different from the first impedance and configured to 

electrically couple with the electromagnetic ablation 
device ; and 

a switch operationally coupled with the first 
and the second winding wherein the switch selects 
3 0 between the first and second winding. 

16. The radio- frequency generator of claim 15, 
wherein the first and second windings comprise first 
and second load windings, respectively, and wherein 

3 5 the first and second load windings are coupled with a 

power winding. 
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17. The radio- frequency generator of claim 16, 
wherein the first load winding comprises a portion of 
the second load winding and wherein the power winding 
and the first and second load winding comprise a two- 
tap transformer. 

18. The radio- frequency generator of claim 16, 
wherein the power winding comprises a first and a 
second power winding and wherein the first power 
winding is coupled with the first load winding 
thereby forming a first transformer and the second 
power winding is coupled with the second load winding 
thereby forming a second transformer and wherein the 
switch selects between the first and second 
transformer. 

19. The radio- frequency generator of claim 15, 
further comprising: 

an impedance detection circuit having a 
connection to the ablation device and configured to 
generate an impedance signal indicating an impedance 
of the ablation device in contact with a tissue; and 

a control circuit operationally coupled with the 
impedance detection circuit and the switch wherein 
the control circuit controls the selection between 
the first and second winding based on the impedance 
signal . 

20. The radio -frequency generator of claim 19, 
wherein the control circuit selects the winding 
having the impedance characteristic closest to that 
of the ablation device. 

21. The radio -frequency generator of claim 15, 
further comprising: 



WO 99/58070 PCT/US99/09904 



27 

a power supply operationally coupled with the 
first and second windings; 

an impedance detection circuit having a 
connection to the ablation device and configured to 
5 generate an impedance signal; and 

a regulator, operationally coupled with the 
impedance detection circuit and the power supply, and 
configured to control the power supply based on the 
impedance signal . 

10 

22. The radio- frequency generator of claim 21, 
further comprising a geometry selector operationally 
coupled with the regulator wherein the geometry 
selector determines an electrical power level for 

15 ablation. 

23. A radio- frequency generator suitable for 
energizing an ablation device comprising: 

an RF power supply operationally coupled with an 
20 ablation device; 

an input device for receiving data corresponding 
to the dimensions of a tissue to be ablated; and 

a regulator operationally coupled with the RF 
power supply and the input device, the regulator 

2 5 responsive to input signals from the input device to 

control an amount of power supplied to the ablation 
device by the RF power supply. 

24. The radio -frequency generator of claim 23, 

3 0 wherein the input device is configured to receive 

signals corresponding to the length and width of the 
tissue . 



35 



25. The radio -frequency generator of claim 23, 
further comprising an impedance detection circuit 
having a connection to the ablation device and 
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configured to generate an impedance signal indicating 
the impedance of the ablation device, wherein the 
regulator is operationally coupled with the impedance 
detection circuit and wherein the regulator further 
5 controls the amount of power based upon the impedance 

signal . 

26. A radio- frequency generator coupled to an 
ablation device in contact with tissue to be ablated, 
10 the radio- frequency generator comprising: 

an RF power supply; 

a means for coupling the RF power supply to an 
ablation device wherein the transformation ratio of 
the coupling means can be adjusted; 
15 a detector for measuring an impedance of an 

ablation device; and 

a feedback loop to vary the transformation ratio 
of the coupling means to match an impedance of the RF 
power supply with the impedance of the ablation 
2 0 device. 



WO 99/58070 



PCT/US99/09904 




SUBSTITUTE SHEET (Rule 26) 



WO 99/58070 



PCT/US99/09904 




SUBSTITUTE SHEET (Rule 26) 



WO 99/58070 



PCT/US99/09904 



3/9 



r 



CM 
^* 
CM 



CO 

cc 



CM 

g 

UL 



o 

CM 



O 
CM 



CM 

L 



CO 



CM 
CO 
CM 



O 
CO 
CM 



co7 

CO 
CM 



CD 
CO 
CM 



.8 

CM 



005 

CO o 



o 



CD 
LU 
CC 



> 

CO 
CO 



cc>: 
> a. 
a. co 



Y 



4 

csj 



00 
O 
CM 

CO 

o 

CM 




3 



CM 



> 



O 
CM 



CM 
O 
CM 



oc by 

CC O- 



co 

Q- 



CMv 



o 



CD 
CM 



J 



O 

o 

CM 



CM 
CM 




co o 

^ CO 



CO 
CM 



00 

E 



GO 



LU 

CO 

CO 
UJ 

cc 

LU 

o 
o 



See 



o 
o 



SUBSTITUTE SHEET (Rule 26) 



WO 99/58070 



PCT/US99/09904 



4/9 



CM 
CD 




00 

co 



CO 
y— 

CO* 



1 



DC 
O 
Q 
X 



is 

CO 

o 

ZD 

o 



CO 
LU 

cc 



o 
o 



CO 
Q 
LU 



2 

o 



o 



CO 



o 



CO \ CL. 

CO 



CM 

o 

CO 




CO 

o 

Urn 



SUBSTITUTE SHEET (Rule 26) 



WO 99/58070 



PCT/US99/09904 



5/9 




SUBSTITUTE SHEET (RULE 26) 



WO 99/58070 



PCT/US99/09904 





SUBSTITUTE SHEET (Rule 26) 



WO 99/58070 



PCT/US99/09904 



7/9 



/620 




706 



FIG. 7 



SUBSTITUTE SHEET (Rule 26) 



WO 99/58070 



PCT/US99/09904 



START 

L_ 

CONFIGURE 
RF GENERATOR 



8/9 





> 


DC SHORT TEST 






ACTIVATE 
FOOTSWITCH 


i 


r 


APPLY VACUUM 




r 


APPLY LOW-LEVEL • 
RADIO FREQUENCY 
SIGNAL 




f 


MEASURE 
IMPEDANCE 



810 



812 



813 



814 



816 



818 
820 




824 



FAULT 


TERMINATE 




PROC 


EDURE 


1 
3 


i 




YES 







FIG. 8 



SUBSTITUTE SHEET (Rule 26) 



WO 99/58070 



PCT/US99/09904 



9/9 



START 

L_ 

LOW IMPEDANCE 
TRANSFORMER 



910 



911 



POWER 




RAMP DOWN 
POWER 



913 



HIGH IMPEDANCE 
TRANSFORMER 



POWER 



914 



915 




YES 



RAMP DOWN 
POWER 



917 



FIG. 9 



SUBSTITUTE SHEET (Rule 26) 



